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(54) Th.n-fl.m piezoelectric bimorph element, mechanical detector and InkJet head using the 
same, and methods of manufacturing the same 

(57) To manufacture a compact and high-perfonn- 

ance thin-film piezoelectric bimorph element at low Fie 1 

cost firat and second piezoelectric thin films (2, 3) are i B- 

formed by sputtering on the both surfaces of a metal 
■ thin plate (1 ) which are opposing relation to each other 
along the thickness thereof, while the respective states 
of polarizations of the first and second piezoelectric thin 
films (2, 3) are controlled. A pair of electrode films (5) 
are formed on the respective surfaces of the first and 
second piezoelectric thin films (2, 3) opposite to the 
metal thin plate (1). 
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Description 

BACKGROUND OF THE INVENTION . 

'5 (• 1 . Held of the Invention 

10001] The present Invention relates to a thin-film piezoelectric bimorph element, a mechanical detector and an 
Inkjet head using the same, and methods of manufacturing the same. 

10 2. Description of the Prior Art 

r0O021 In recent years, research and development has been conducted on a dielectric substance, in particular a fer- 
roelectric substance, as a basic material of a pyroelectric IR detector using a pyroeledric property, a piezoelectric 

. detector (sensor) and a piezoelectric actuator using a piezoelectric property, a nonvolatile memory using polarizaton 

IS Inversion, a capacltlve element using a high-dielectric-constant property, and the like. 

r00031 The piezoelectric detector has been used as a mechanical detector for detecting a dynamic amount such as 
acceleration orpressure by using a "piezoelectric effect." which is the generation of charge from a piezoelectric member 
as a result of the application of a force to the piezoelectric member. The piezoelectric detector features an eminently 

20 foooj "^7n'^ontll2tTthe detector, the piezoelectrte actuator provides a dynamic amount such as deformation by 
using a strain caused by the application of a voltage to a piezoelectric member. Jhe piezoelectric actuator features 
excellent responsivity and the capability of precise control of an extremely small displa<»ment. . ^. ^ 

rooOSl If the piezoelectric detector or piezoelectric actuator Is designed to have a bimorph structure in which a pair 
of piezoelectric members are bonded to the both surfaces of a metal plate which are in opposing relation to each other 

25 along the thickness thereof (piezoelectric bimorph element), the pertomiance thereof can be Improved significantly, 
roooei In a conventional piezoelectric bimorph element, a pair of piezoelectric members that have been sub ected 
to a polarization process are bonded adhesively to the both surfaces of a metal plate whteh are In opposing relation to 
each other along the thickness thereof. However, since it is extremely difficult to uniformly control the thickness and 
hardening of an adheslve agent, the conventional piezoelectric bimorph element has the problem of sensitivity varia- 

30 tions due to non-uniform adhesion; ^ ^ i ■ » u-. i, 

roOOTI Moreover, since one of the piezoelectric members provided on the both surfaces of the metal plate which 
are In opposing relation to each other along the thickness thereof contracts and the other expands, a high stress is pro- 
duced kt the adhesion Interface; Over a prolonged period of use. the piezoelectric members may peel off the metal 
plate, whteh leads to the problem of insufficient durability. . , . 

35 [00081 Furthermore, the thickness of the piezoelectric members cannot be reduced excessively since a certain 
degree of rigidity is required by the piezoelectric members to adhere to the metal plate. This makes it difficult to fabricate 
a bimomh element using thin-film piezoelectric members (thin-film piezoelectric bimorph element). 
r00091 Accordingly, It Is impossible to scale down the conventional piezoelectric bimorph element and increase the 
performance thereof. It Is therefore difficult to scale down a mechanical detector or an Inkjet head using the element 

40 and improve the performance thereof. ... % * ^ ♦ * »h= „..=.,^„t 

roOIOl The present invention has been achieved in view of the foregoing and it is therefore an object of the present 
invention to enable the manufacturing of a compact and high-performanc^ thin-film piezoelectric bimorph element at 
low cost. 

45 SUMMARY OF THE INVENTION 

room To attain the object, the present invention has formed, by sputtering, a pair of piezoelectric thin films on both 
surfaces of the metal thin plate which are in opposing relation to each other along the thickness thereof, while control- 
lino the respective states of polarizations of the piezoelectric thin films. 
50 r0012] specifically, a thin-film piezoelectric bimorph element according to the present Invention comprises: a metal 
thin plate- a pair of piezoelectric thin films formed by sputtering on both surfaces of the metal thin plate which are in 
opposing'relation to each other along the thickness thereof, while respective states of polarizations of the piezoelectric 
thin films are controlled; and a pair of electrode films provided on respective surfaces of the piezoelectric thin films 

which are opposite to the metal thin plate. ...... .u ... * »u« 

55 [0013] In the arrangement, the pair of piezoelectric thin films are formed by sputtenng on the both surfaces of the 
metal thin plate as a substrate for film formation which are in opposing relation, to each other along the thickness 
thereof As a result, uniform and considerably thin piezoelectric thin films can be formed on the both surfaces of the 
metal thin plate which are in opposing relation to each other along the thickness thereof, while the piezoelectric thin 



2 



EP1 054 459 A1 

films can be bonded tightly to the metal thin plate. Accordingly, a compact and high-perfomiance thin-film piezoelectric 
blmotph element can be obtained easily at low cost. For polarization control, there can be adopted a method in which 
the temperature of the metal film used as the substrate for film formation is controlled or the like. 

I [001 4] In the thin-film piezoelectric bimorph element, the directions of polarizations of the pair of piezoelectric thin 

5 films may be opposite to each other or the same. - ^ , ui » 

" ' [0015] In the thin-film piezoelectric bimorph element, each of the piezoelectric thin films is composed preferably of 

a plurality of piezoelectric layers staclced along the thiclcness of the metal thin plate, the piezoelectric layers having a 
piezoelectric constant which decreases gradually with approach toward the metal thin plate. Alternatively, each of the 
piezoelectric thin films has a piezoelectric constant which preferably increases gradually with distance from the metal 
10 thin plate toward the opposite side thereof. This prevents the production of a high stress In a portion of each of the pie- 
zoelectric thin films closer to the metal plate so that the piezoelectric thin film is less likely to peel off the metal thin plate. 
[00161 In the thin-film piezoelectric bimorph element, each of the piezoelectric thin films has a thickness adjusted 
preferably to 1 0 jtm or less. This allows effective scaling down of the thin-film piezoelectric bimorph element Moreover, 
the time required to form the piezoelectric thin films Is reduced considerably and the composition of the piezoelectric 

IS thin films is controlled more easily. . . ^-^ ■ , 

[0017] lnthethin-filmpiezoeleotrioblmorph .element,apairof diffusion preventing films for preventing diffusion of 

a substance composing the metal thin plate in the piezoelectric thin films are provided preferably between the metal thin 
plate and the individual piezoelectric thin films. This prevents a substance (such as Cr) adversely affecting the piezoe- 
lectric thin films from being diffused in the piezoelectric thin films and maintains the performance of the thin-film piezo- 

20 electric bimorph element at a high level. ^ » ^. ^- ♦u 

[0018] A mechanical detector according to the present invention has a dynamic amount detecting portion, the 
dynamic amount detecting portion being composed of a thin-film piezoelectric bimorph element having: a metal thin 
plate- a pair oif piezoelectric thin films fornied by sputtering on both surfaces of the metal thin plate which are in oppos- 
ing relation to each other along the thickness thereof, while respective states of polarizations of the piezoelectric thin 

25 films are controlled; and 

a pair of electrode films provided on respective surfaces of the piezoelectric thin films whicii are opposite to tiie 
metal thin plate. This allows easy and low-cost formation of a compact and high-performance mechanical detector, 
slmllarty to the thin-film piezoelectric bimorph element. 

[0019] In the mechanical detector, the dynamic amount detecting portion includes a plurality of dynamic amount 
detecting portions which are provided to bend in different directions. This allows pressure or acceleration acting In dif- 
ferent directions to be detected by a single detector. 

[0020] In ttie mechanical detector, the dynamic amount detecting portion includes a plurality of dynamic amount 
detecting portions having different natural frequencies. This allows high-accuracy detection of a dynamic amount such 
as pressure or acceleration when the dynamic amount varies periodically whether a frequency of the venation is high 

[0b21] An Inkjet head according to the present invention comprises: a head main body formed with a depressed 
portion for a pressure chamber, the depressed porHon having a supply port for ink supply arid a discharge port for Ink 
to discharge- and an actuator for causing the ink in the pressure chamber to be discharged from the discharge port, the 
actuator being disposed to cover the depressed portion of the head main body and define the pressure chamber in 
combination with the depressed portion, the actuator being composed of a thin-film piezoelectric bimorph element hav- 
ing- a metal thin plate; a pair of piezoelectric thin films fomied by sputtering on both surfaces of the metal, thin plate 
which are in opposing relation to each other along the thickness thereof, while respective states of polarizations of the 
45 piezoelectric thin films are controlled; and a pair of electrode films provided on respective surfaces of the piezoelectric 
• thin films which are opposite to the metal thin plate. The arrangement allows easy and low-cost formation of a compact 
and high-performance Inlqet head; similarly to the thin-film piezoelecti-te bimorph element. 

[0022] A method of manufacturing a thin-film piezoelectric bimorph element according to the present invention 
comprises the steps of: forming a pair of piezoelectric thin films by sputtering on. both surfaces of a metal thin plate 
50 which are in opposing relation to each other along the thickness thereof, while controlling respective states of polariza- 
tions of the piezoelectric thin films; and fomnlng a pair of electrode films on respective surfaces of the piezoelectric thin 
films which are opposite to the metal thin plate. The an-angement allows easy and low-cost formation of a compact and 
high-performance thin-film piezoelectric bimorph element. _ 
[0023] The step of forming the piezoelectric thin films may include: forming the pair of piezoelectnc thin films such 
55 that the directions of polarizations.thereof are opposite to each other or the same. 

[0024] In the case where the directions of polarizations of the pair of piezoelectric thin films are the same, the step 
of forming the piezoelectric thin films may include the steps of: fomning the first piezoelectric thin film by sputtering on 
one of both surfaces of the metal thin plate which are in opposing relation to each other along the thickness thereof, 
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while adjusting a temperature of the metal thin plate to a specified level and controlling the state of polarization of the 
-» first piezoelectric thin film; and after the step of forming the first piezoelectric thin film, forming the second piezoelectric 
^ thin film by sputtering on the other of the both surfaces of the metal thin plate which are in opposing relation to each 

other along the thickness thereof, while adjusting the temperature of the metal thin plate to a level lower than the spec- 
* 5 , ified level and controlling the state of polarization of the second piezoelectric thin film, the second piezoelectric thin film 

having the same direction of polarization as the first piezoelectric thin film. 

[0025] In this case, one of the both surfaces of the metal thin plate which are in opposing relation to each other 
along the thickness thereof is oriented upward and the first piezoelectric thin film is fomried thereon such that the direc- 
tion of polarization of the first piezoelectric thin film is oriented, e.g., downward. Thereafter, the metal thin plate is verti- 

10 cally inverted such that the other of the both surfaces of the metal thin plate which are in opposing relation to each other 
along the thickness thereof is oriented upward (the direction of polarization of the first piezoelectric thin films is oriented 
upward as a result of the vertical inversion) and the second piezoelectric thin film Is fomned thereon. Since the temper- 
ature of the metal thin plate is lower than during the fomriation of the first piezoelectric thin film, the direction of polari- 
zation of the second piezoelectric thin film can be oriented upward, which is opposite to the direction of polarization of 

15 the first piezoelectric thin film during the formation thereof. Thus, the first and second piezoelectric thin films can be 
formed to have the same direction of polarizations by a simple method. 

[0026] The step of fomning the piezoelectric thin films preferably includes: forming each of the piezoelectric thin 
films by stacking a.plurality of piezoelectric layers having different piezoelectric constants along the thickness of the 
metal thin plate such that the piezoelectric constants are In increasing order or forming each of the piezoelectric thin 
20 films such that a piezoelectric constant of the piezoelectric thin film increases gradually wi^ distance from the metal 
thin plate toward the opposite side thereof. In the arrangement, each of the piezoelectric thin films is less likely to peel, 
off the metal thin plate and durability is increased. 

[0027] The method according to the present invention may further comprise, prior to the step of forming the piezo- 
. electric thin films: the step of forming a pair of diffusion preventing films for preventing diffusion of a substance compos- 
es ing the metal thin plate in the piezoelectric thin films on the both surfaces of the metal thin plate which are opposing 
relation to each other along the thickness thereof. This prevents a substance adversely affecting the piezoelectric thin 
films from being diffused in the piezoelectric thin films. 

[0028] A method of manufacturing a mechanical detector having a plurality of dynamic amount detecting portions 
each composed of a thin-film piezoelectric bimorph element according to the present invention comprises the steps of: 

30 forming a pair of piezoelectric thin films by sputtering on both surfaces of a metal thin plate which are opposing relation 
to each other along the thickness thereof, while controlling respective states of polarizations of the piezoelectric thin 
films; forming a pair of electrode films on respective surfaces of the piezoelectric thin films which are opposite to the 
metal thin plate; and patterning each of the piezoelectric thin films and of the electrode films into a specified configura- 
tion, processing the metal thin plate into a specified configuration after patterning, and thereby fomning the plurality of 

35 dynamicamount detecting portions. 

[0029] In the arrangement, each of the piezoelectric thin films and of the electrode films is patterned by etching or 
the like into a specified configuration and the metal thin plate is fomried into a specified configuration by an etching proc- 
ess, a laser process, or the like so that the dynamic amount detecting portions each composed of a thin-film piezoelec- 
tric bimorph element are formed into cantilevers and fixed-end beams. This allows easy and !ow-cost formation of a 

40 compact and high-performance mechanical detector. 

[0030] The step of forming the plurality of dynamic amount detecting portions preferably includes: fonning the plu- 
rality of dynamic amount detecting portions such that the dynamic amount detecting portions bend in different direc- 
tions. If a bending process or the like is perfomned with respect to the metal thin plate, the plurality of dynamic amount 
detecting portions can be formed easily such that they bend in different directions. This allows pressure or acceleration 

45 acting in different directions to be detected by a single mechanical detector. 

[0031] The step of forming the plurality of dynamic amount detecting portions preferably includes: fonning the plu- 
rality of dynamic amount detecting portions into different configurations such that this dynamic amount detecting por- 
tions have different natural frequencies. This easily allows the plurality of dynamic amount detecting portions to have 
different natural frequencies and ensures the detection of an acceleration of an oscillation irrespective of a frequency 

50 of the oscillation. 

[0032] A method of manufacturing an Inkjet head having an actuator for ink discharge composed of a thln-fllhri pie- 
zoelectric bimorph element according to the present invention comprises the steps of: forming a pair of piezoelectric 
thin films by sputtering on both surfaces of a metal thin plate which are opposing relation to each other along the thick- 
ness thereof, while controlling respective states of polarizations of the piezoelectric thin films; forming a pair of elec- 
55 trode films on the respective surfaces of the piezoelectric thin films which are opposite to the metal thin plate; patterning 
each of the piezoelectric thin films and of the electrode films into a specified configuration; and, after the patterning step, 
fixing the metal thin plate to a head main body having a depressed portion for a pressure chamber which composes the 
pressure chamber in combination with the metal thin plate. This allows easy and low-cost formation of a compact and 
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high-performance Inkjet head. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0033] 

Figure 1 is a cross-sectional view of a thin-film piezoelectric bimorph element according to Embodiment 1 of the 

present invention; " i • 

Figures 2(a) through (d) are schematic views illustrating a method of manufacturing the thin-film piezoelectric 

10 bimorph element of Figure 1; . «• • * 

Figure 3 is a view showing variations in relaitive dielectric constant and in electromechanical coupling coefficient 
when the value of X is varied in PbZr^Ts^.yS^^; . • - * ^ 

Figure 4 is a cross-sectional view of a thin-film piezoelectric binnorph element according to Embodiment 2 of the 
present invention; ; 

IS Figures 5(a) through (d) are schematic views illustrating a method of manufacturing the thin-film piezoelectric 

bimorph element of Figure 4; 

Figure 6 is a schematic structural view of a multiple sputtering system; 

Figure 7 is a cross-sectional view of a thin-film piezoelectric bimorph element according to Embodiment 3 of the 
present invention; . 
20 Figures 8(a) through (d) are schematic views illustrating a method . of manufacturing the thin-film piezoelectric 

bimorph element of Figure 7; 

Figure 9 is a view showing the relationship between the pyroelectric coefficient of PLT and the temperature of a 

metal thin plate; . , * .- ^ 

Figure 10 is a cross-sectional view of a thin-film piezoelectric bimorph element according to a venation of Embod- 

25 imentS; 

Figure 11 is a plan view of a mechanical detector according to Embodiment 4 of the present Invention; 
Figure 12 is a cross-sectional view taken along the line Xll-XIl of Figure 11; 

Figures 13(a) through (d) are schematic views illustrating a method of manufacturing the mechanical detector of 

Figure 11; u • i ^ * 

30 Figures 1 4(a) through (d) are schematic views illustrating another method of manufactunng the mechanical detec- 
tor of Figure 11; **u ♦ 
Figure 15 is a schematic perspective view of a mechanical detector according to Embodiment 5 of the present 

invention; 

ngure 16 is a cross-sectional view of an Inkjet head according to Embodiment 6 of the present invention; 
35 . Figures 17 (a) through (d) are schematic views illustrating a method of manufacturing the Inkjet head of Figure 16; 

Figure 18 is a cross-sectional view of a thin-film piezoelectric bimorph element according to Embodiment 7 of the 
present invention; 

Figure 1 9 is a plan view of a mechanical detector according to Embodiment 8 of the present invention; 
Figure 20 is a cross-sectional view taken along the line XX-XX of Figure 19; 
40 Figure 21 is a cross-sectional view illustrating a method of applying an external force to a circular metal thin plate; 

Figure 22 is a plan view illustrating a method of applying an external force to an elongated rectangular metal thin 
plate; 

Figure 23 is a cross-sectional view taken along the line XXIIl-XXIIl of Figure 22; 

Figure 24 is a cross-sectional view of a thin-film piezoelectric bimorph element in which a pair of piezoelectric thin 
45 films have different thicknesses; and 

Figures 25 (a) through (d) are schematic views illustrating a method of manufacturing a more compact thin-film pie- 
zoelectric bimorph element. 
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DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

[0034] Referring now to the drawings, the embodiments of the present invention will be described. 
Embodiment 1 

. [0035] Figure 1 shows a thin-film piezoelectric bimorph element according to Embodiment 1 of the present inven- 
tion. The thin-film piezoelectric bimorph element comprises a metal thin plate 1 made of stainless steel and having a 
thickness of 50 to 200 \in\ {preferably 50 to 1 00 \irr\). 

[0036] A first piezoelectric thin film 2 is provided on one of the both surfaces (upper surface) of the metal thin plate 
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1 which are in opposing relation to each other along the thickness thereof with a diffusion preventing filnn 7 interposed 
therebetween, which will be described later, while a second piezoelectric thin filnn 3 is.provided on the other of the both 
surfaces (lower surface) of the metal thin plate 1 which are in opposing relation to each other along the thickness 
thereof with another diffusion preventing flinn 7 Interposed therebetween. The first and second piezoelectric thin filnis 2 
-5 and 3 having equal thicknesses are fomned by sputtering on the both surfaces of the nnetal thin plate 1 as a substrate 
for filnn formation which are in opposing relation to each other along the thickness thereof, while the respective states 
of polarizations thereof are controlled. The directions of polarizations of the first and second piezoelectric thin films 2 
and 3 are opposite to each other (see the arrows in Figure 1). that is,. the directions of polarizations of the first and sec- 
ond piezoelectric thiri films 2 and 3 are oppositely oriented relative to the metal thin plate 1 along the thickness thereof 
10 (upward in the first piezoelectric thin film 2 and downward in the second piezoelectric thin film 3). The thickness of each 
of the first and second piezoelectric thin films 2 and 3 is preferably 10 jxm or less. The arrangement allows effective scal- 
ing down of the thin-film piezoelectric bimorph element In addition, the first and second piezoelectric thin films 2 and 3 
can be formed in a relatively short period of time and the compositions of the first and second piezoelectric thin films 2 
and 3 can be controlled easily. 

IS [0037] The composition of each of the first and second piezoelectric thin films 2 and 3 is represented appropriately 
by PbpLaqTirZrgOs provided that the values of p, q, r, and s satisfy any of the following numerical expressions (1) to (3). 
However. Pbo.9Lao.iTio.97503 (PLT), PbTiOa, PbZro.50Tio.50O3 (PZT), Pbo.9Lao.i(Zro.iTio.9)o.97503 (PL^D, or the like 
is particularly preferred. 

20 (1) 0.7 s p ^ 1, p + q= 1 , 0.925 s r s 1, s=:.0 

(2) p = 1 , q = 0, 0 s r ^ 0.50, r + s = 1 

(3) 0.75 ^ p < 1 , p + q = 1 , 0.3 ^ r < 1 , r + s = 1 

[0038] A pair of electrode films 5 each made of Pt and having a thickness of 0.1 to 0.2 ^m are formed on the surface 
25 (upper surface) of the first piezoelectric thin film 2 which is opposite to the metal thin plate 1 and on the surface (lower 
surface) of the second piezoelectric thin film 3 which is opposite to the metal thin plate 1 . 

[0039] A pair of diffusion preventing films 7 for preventing the diffusion of a substance (especially Cr) composing 
" the metal thin plate 1 in the first and second piezoelectric thin films 2 and 3 are provided between the metal thin plate 
1 and the first piezoelectric thin film 2 and between the metal thin plate 1 and the second piezoelectric thin film 3. Each 
30 of the diffusion preventing films 7 is made of R, similariy to each of the electrode films 5, and has a thickness adjusted 
to 0.1 to 0.2 nm. Although each of the diffusion preventing films 7 also functions as an electrode, each of the diffusion 
preventing films 7 is not necessarily required. 

[0040] After the electrode film 5 on the first piezoelectric thin film 2 and the electrode film 5 on the second piezoe- 
lectric thin film 3 are connected to the positive and negative terminals of a power source 18, respectively, if a voltage is 

35 applied between the two electrode films 5, a downward electric field is produced in each of the first and second piezo- 
electric thin films 2 and 3, as shown in Figure 1 . This expands the first piezoelectric thin film 2 and contracts the second 
piezoelectric thin film 3 so that the thin -film piezoelectric bimorph element bends to protrude upward. Conversely, if a 
voltage is applied between the two electrode films 5 after the electrode film 5 on the first piezoelectric thin film 2 and the 
electrode film 5 on the second piezoelectric thin film 3 are connected to the negative and positive terminals of the power 

40 source 18, respectively, the thin-film piezoelectric bimorph element bends to protrude downward. Hence, the thin-film 
piezoelectric bimorph element can be used as an actuator which is operated with the application of a voltage. 
[0041 ] When the thin-film piezoelectric bimorph element is deformed by an external force, on the other hand, a volt- 
age is generated between the two electrode films 5, which allows the thin-film piezoelectric bimorph element to be used 
as a mechanical detector for.detecting a dynamic amount such as acceleration or pressure. 

45 [0042] A description will be given to a method of manufacturing the thin-film piezoelectric bimorph element with ref- 
erence to Figure 2. 

[0043] First, the pair of diffusion preventing films 7 (Pt films) are formed on the both surfaces of the metal plate 1 
as a substrate for film formation which are in opposing relation to each other along the thickness thereof (see Figure 
2(a)). Specifically, the diffusion preventing films 7 are formed by, e.g., RF magnetron sputtering using a gas mixture of 

so Ar and oxygen (at a mixture ratio of 95/5 to 80/20) under such conditions that the temperature of the metal thin plate 1 
(substrate temperature) is 500 to 700 ®C, the pressure of the sputter gas is 0.1 to 5 Pa, ahd the density of RF power 
applied is 1 to 5 W/cm^ (at a frequency of 13.56 MHz). After one hour of film formation, the diffusion preventing films 7 
each having a thickness of about 0.15 ^m are obtained. 
• [0044] Subsequently, the first and second piezoelectric thin films 2 and 3 are formed by sputtering on the respective 

55 surfaces of the two diffusion preventing films 7 vyhich are opposite to the metal thin plate 1 , while the respective states 
of polarizations thereof are controlled. Specifically, the first piezoelectric thin film 2 is formed first on the upper surface 
of one of the diffusion preventing films 7 that has been oriented upward (see Figure 2(b)). Table 1 shows specific con- 
ditions for film formation when the first piezoelectric thin film 2 made of a material such as PIT, PbTiOs, PZT, or PLZT 
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formed by RF magnetron sputtering (at a frequency of 13.56 MHz). 
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Material of 
Piezoelectric 
Thin Film 


Composition 
of Target 


Temperature 
of Metal Thin 
Plate 


Sputter Gas 
(Ar/Og = %/%) 


Gas Pres-s 
lire (Pa) 


RF Power 

Density 
(W/cm^) 


Film Thick- 
ness (|im) 


PIT 

r LI 


Mixture of 
PbO, LaaOs, 
and TiOa 
Powder 
(Excess of 20 
mol%PbO) 


570 to 630 


50/50 to 98/2 


0.1 to 5,0 


1 to 5 


.3 

3 1 


PbTiOg 


Mixture of 
PbO and 
T1O2 Powder 
(Excess of 20 
mol% PbO) 


570 to 630 °C 


50/50 to 98/2 


0.1 to 5.0 


1 to 5 




pzf 


Sintered 
PZT (Excess 
of 20 mol% 
PbO) 


570 to 630 


50/50 to 98/2 


0.1 to 5.0 


1 to 5 




PLZT 


Sintered 
PLZT 

(Excess of 20 
mol% PbO) 


570 to 630 •'C 


50/50 to 98/2 


0.1 to 5.0 


1 to 5 


3 



so 



metal thin plate 1 is higher than that of the first piezoelectnc thin f(^ 2- the sec- 

10046] Afterthe first piezoelectric thin filrj. 2 .s '^-l'^^^^^^-'^^^^^ 2 (see 

ond piezoelactricthin film 3 is fomied underthe ^"^^^^^^'^^^^^^^^^ 3 also becomes upward, while 

Figure 2(c)). Atthis time, the direction °* P«°" ° ^^^^ of the vertical inversion. There- 
the direction of polarization of the first piezoelectnc th.n ^'-^ 2js downwa^^ fif^i 2 and 3 are opposite to each other, 

fore, the directions of polarizations of the f,rst and ^^^^'^ second piezoelectric thin 

ir2andT:;rr^o:i;!^o%^h:m^^^^^^^^^^ 

electrode films 5 is the same as used in ^^^^^^'f ^^^^^^^^ of electrodes 5 are patterned option- 

is completed in about 1 5 minutes. _ oatterned by chemical etching. Table 
a. material such as PLT. PbTiOa, PZT, or PLZT. 



55 



7 



EP 1 054 459 A1 



Table 2 



Material of Piezoelec- 
tric Thin Film 


Etching Method 


Process Conditions 


Film Thickness (jim) 


Pro-c ess Time (min) 


PLT 


Chemical Etching 


HF/HN03/H20=5/1/1 
5 to 5/20/1 5, Etchant 
Temperature = 25 "C 


3 


3 


PbTiOg 


Chemical Etching 


HF/HN03/H20=5/1/1 
5 to 5/20/15, Etchant 

T- . ■- — J.- OC 

Temperature = 2o 


3 


3 


PZT 


Chemical Etching 


HF/HN03/H20=:5/1/1 
5 to 5/20/1 5, Etchant 
Temperature = 25 °C 


3 


3 


PLZT 


Chemical Etching 


HF/HN03/H20=5/1/1 
5 to 5/20/1 5, Etchant 
Temperature = 25 °C 


3 


3 



25 



30 



35 



40 



45 



roOBIl Next the pair of diffusion preventing films 7 are patterned by the same method as used in patterning ttie pair 
of electrode films 5. If necessary, the metal thin plate 1 is processed by etching or by using a laser, whereby the thin- 
film Diezoelectric bimorph element is completed. . 
rO0521 Thus since Embodiment 1 has formed the first andsecond piezoelectric thin films 2 and 3 by sputtermg on 
the both surfaces of the rrietal thin plate 1 which are In opposing relation to each other along the thickness thereof with 
the pair of diffusion preventing films 7 interposed therebetween, comparatively thin first and second piezoelectric thin 
films 2 and 3 can be formed uniformly and bonded securely to the metal thin plate 1 (this is also true in the absence.of 
the diffusion preventing films 7). This provides a thin-film piezoelectric bimorph element which is more compact than in 
the case where the piezoelectric membere are bonded adhesively to the metal plate and eliminates sensrtivrty vana- 
tions resulting from the bonding of the first and second piezoelectric thin films 2 and 3 to the metal thin plate 1 . Moreo- 
ver the first and second piezoelectric thin films 2 and 3 can be formed easily by sputtering and the respective directions 
of polarizations thereof can be controlled easily by adjusting the temperature of the metal thin plate 1. Accordingly, the 
thin-film piezoelectric bimorph element can be manufactured at a low cost. 

[0053] Furthermore, the first and second piezoelectric thin films 2 and 3 and the like can be patterned easily by 
etching which allows simultaneous manufacturing of a plurality of thin-film piezoelectric bimorph elements. 
r0O54] The rriaterial of the metal thin plate 1 is not limited to stainless steel. The metal thin plate 1 may also be 
made of a metal such as Ti, Pt, phosphor bronze, or beryllium bronze. The material of the diffusion preventing films 7 
may be a precious metal such as Au. Pd. or Ag other than Pt. In the case of using the thin-film piezoelectric bimorph 
element in an application in which no problem occurs even if the properties of the element vary slightly due to oxidation 
or corrosion, it is also possible to use a metal other than a precious met^l and an anticorrosive metal {this is also true 
in the following Embodiments 2 to 8). . i„„4„oW 
rooSSl The diffusion preventing films 7 may also be formed by chemical vapor deposition, plating, or the like instead 
of sputtering. The diffusion preventing films 7 need not necessarily be fomied entirely over the both surfaces of the 
metal thin plate 1 which are in opposing relation to each other along the thickness thereof. It is sufficient to fomi the 
diffusion preventing films 7 on at least portions to be formed with the first and second piezoelectric thin films 2 and 3. 
[00561 ■ A description will be given below to the directions of the polarization axes of the first and second piezoelec- 
tric thin films 2 and 3. The directions of the polarization axes of the first and second piezoelectric thin films 2 and 3 
change depending on the composition thereof. If the composition of the first and second piezoelectric thin films 2 and 
3 is PbZr Til O3 e 9 the crystal structure thereof change with the value of X (proportion of Zn to Ti), as shown m Fig- 
ure 3 If the value of X is small, the crystal structure is tetragonal and the polarization axes (Ps) are oriented in the (GDI) 
direction. If the value of X is large, the crystal structure is rhombohedral and the polarization axes are oriented in the 

(111) direction. ^ ^ ■ , -r. -t, 

[0057] Thus, the polarization axes are oriented in the (001) direction if the values of p. q, r and s in PbpLaqTirZrsOg 
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ical expressions (a) and (b). 

(a) p = 1,q = 0,0.5srs1. r + s=1 • 

(b) 0.9^p<1, p + q=1 .0sr<0.5, r + s = 1 

Embodiment2 

layers 2a. 2b. and 2c are constituted to have a P'«"^'f film 2 is represented by PbZr,Ti,.,03 

the metal thin plate 1 . Specifically, if the c°"^P<>f °" °' ^f^^^ eaTonie P eLlectric layers 2a. 2b, and 2c to 
as described above, the value of X .s <^»^,a"g«^'^^^PP~P':^'!^^^°' ^^^^^^ 
change the proportion of Zn to TUf the valueof)^^^^^^^^^^^ 

significantly, as shown in Figure 3. so *at the piezoelectnc constant ^^^^ 
Z film 2. the second piezoelectric thin film 3 ^s P^P^^^^^^^^^^ decreases 
alongthe thickness ofthemetelthmpla^eljh,^^^^^^^^ 

gradually with approach toward the metal thin plate ^ - ^^^iS of polarizations of the individual piezoe- 

. ?ric thin films 2 and 3 are the same as jn ^'^''^f directions of polarizations of the 
lectric layers 2a. 2b. ar,d 2c of ^"f P'2°,t;Tse^^^^^^^ 3 are downward. 

S^eT'Td^i"^^^ 

;r2r^F-TAo..^^^^^^^^ 

In opposing relation to each J*^! JJl^^^^^^^^^^^ one of the dmusion prevent- 

[0063] subsequently, the f.^t P'-°^-^"^^^^^^^ 2a. 2b. and 2c having drfferent pie- 

ing films 7 that has been oriented upward Speciflcaiiy. me inr h piezoelectric constants 

zoelectrte constants are stacked -'ong Jhe tt.^^^^^^^^^ I Sod of f rlg^iez^^^^^^^^ .aye^ 2s, 2b. and 2o is the 
thereof are in increasing order (see Figure 5(b)). method or t h Embodimenfl . To vary the 

same as the method of forrning the first and second p.ezoe^^^^^^^^ p^^^^^, ^ ^^^^^ 

composrtion for each of the piezoelectric layere 2a. and 2c. howev represented by PfaZr^Ti^.^a. the 

e.g.. a multiple sputtering system as shown in ^'9"^ «^That is '^^^^^"^^^^^p^^r, and Zn by using a controller 
composHion is varied by controlling RF P°wer appiied to -J ^^^^^^^^^^ ,3 ^'^^^^^.^ at 14. 

similarly to the first piezoelectric thin film 2. .^^^...^.^ jayers 2a 2b, and 2c of the first piezoelectric thin film 2 
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[0066] Next, the electrode films 5 are formed on the respective surfaces of the first and metal piezoelectric thin films 
2. and 3 which are opposite to the metal thin plate. 1 (see Figure 5(d)), similarly to Embodiment 1. Thereafter, the first 
and second piezoelectric thin films 2 and 3, the pair of electrode films 5, and the like are patterned if necessary. 
[0067] Thus, since the individual piezoelectric layers 2a, 2b, and 2c of the first piezoelectric thin film 2 and the indi- 

's vidual piezoelectric layers 3a, 3b, and 3c of the second piezoelectric thin film 3 are constituted to have a piezpeiectric 
constant which decreases gradually with approach toward the metal thin plate 1, the first and second piezoelectric thin 
films 2 and 3 are less likely to peel off the metal thin plate 1. Although the metal thin plate 1 neither expands nor con- 
tracts, the rigidity thereof is by far larger than that of the first and second piezoelectric thin films 2 and 3 so that a high 
tensile stress or compressive stress is produced at the joints between the first and second piezpeiectric thins films 2 

10 and 3 and the metal thin plate 1 . Since the first and second piezoelectric tin films 2 and 3 are particularly susceptible to 
a tensile stress, the durability on the side on which a tensile stress is produced presents a problem. However, the pie- 
zoelectric constants of the piezoelectric layers 2a and 3a which are closest to the metal thin plate 1 have been reduced 
considerably, as described above, so that a strain resulting from the expansion or contraction of the piezoelectric layers 
.2a and 3a is slight. Accordingly, the stress produced at the portions of the first and second piezoelectric thin films 2 and 

15 3 joined with the metal thin plate 1 can be reduced. Even over a prolonged period of use, therefore, the first and second . 
piezoelectric thin films 2 and 3 will not peel off the metal thin plate 1 so that the durability of the thin-plate piezoelectric 
bimorph element is improved. 

[0068] Although each of the first and second piezoelectric thin films 2 and 3 has the multilayer structure in Embod- 
iment 2, they may have a piezoelectric constant which Increases gradually with ^distance from the metal thin plate 1 
20 toward the opposite side thereof in a single-layer structure as used in Embodiment 1, not in a multilayer-structure. In 
this case, the composition is varied gradually in forming the first and second piezoelectric thin films 2 and 3 such that 
the piezoelectric constant increases gradually with distance from the metal thin plate 1 toward the opposite side thereof. 



[0069] Rgure 7 shows Embodiment 3 of the present invention, in which the directions of polarizations of the first 
and second piezoelectric thin films 2 and 3 are the same. That is, the direction of polarization of the first piezoelectric 
thin film 2 is from the side opposite to the metal thin plate 1 toward the metal thin plate 1 (downward), which is different 
from Embodiments 1 and 2. 

30 [0070] After a pair of electrode films 5 are connected to the negative terminal of a power source 1 8 and a metal thin 
plate 1 (or diffusion preventing films 7 as electrodes) is connected to the positive terminal thereof, if a voltage is applied 
between the metal thin plate 1 and each of the electrode films 5, an upward electric field is generated in the first piezo- 
electric thin film 2, while a downward electric field is produced in the second piezoelectric thin film 3, as shown in Figure 
7. This expands the first piezoelectric thin film 2 and contracts the second piezoelectric thin film 3 so that the thin-film 

35 piezoelectric bimorph element bends to protrude upward. Conversely, if a voltage is applied between the metal thin 
plate 1 and each of the electrode films 5 after the pair of electrode films 5 are connected to the positive terminal of the 
power source 18 and the metal thin plate 1 is connected to the negative terminal thereof, the thln-piate piezoelectric 
bimorph element bends to protrude downward. 

[0071] A description.will be given to a method of manufacturing the thin-film piezoelectric bimorph element with ref- 
40 erence to Figure 8. 

[0072] First, the diffusion preventing films 7 are formed on the both surfaces of the metal thin plate 1 which are in 
opposing relation to each other along the thickness thereof, similarly to Embodiment 1 (see Figure 8(a)). 
[0073] Subsequently, the first piezoelectric thin film 2 is formed on one of the diffusion preventing films 7 that has 
been oriented upward (see Figure 8(b)). In forming the first piezoelectric thin film 2, the temperature of the metal thin 
45 plate 1 is adjusted to be higher than the temperature range (570 to 630 °C) listed in Table 1 so that the direction of polar- 
. ization of the first piezoelectric thin film 2 is oriented downward (the conditions other than the temperature of the metal 
thin plate 1 are the same as listed in Table 1). Specifically, the temperature of the metal thin plate 1 is adjusted to 670 
to720«C. 

[0074] In the case of using PLT, the relationship between the pyroelectric coefficient and the temperature of the 
50 metal thin plate 1 is as shown in Figure 9 (the positive direction of a pyroelectric current is from the side opposite to the 
metal thin plate 1 toward the meal thin plate 1). If the temperature of the metal thin plate 1 is adjusted to 670 to 720 °C, 
the pyroelectric current flows in a negative direction so that the direction of polarization is from the side opposite to the 
metal thin plate 1 toward the metal thin plate 1 (downward). If the temperature of the metal thin plate 1 is adjusted to 
570 to 630 °C as in Embodiment 1 , the pyroelectric current flows in the positive direction so that the direction of polar- 
55 ization is from the metal thin plate 1 toward the opposite side thereof. 

[0075] Next, the other of the diffusion preventing films 7 is oriented upward and the second piezoelectric thin film 3 
is formed by sputtering on the upper surface thereof (see Figure 8(c)). At this time, the temperature of the meal thin 
plate 1 is adjusted to 570 to 630 °C. Specifically, the second piezoelectric thin film 3 Is formed by sputtering, while the 
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I76, Next. pair o, eteCrod. Sms 5 ».<.m»d on »e retp^"' "rodLh. V -merertBr,. 

SLlL 2 ard 3 whteh ar. oppo^lt. t. the metal Wn Pla» 1 ^^^^^ 
and aecondplezoelectnc thin «me2and3ard*ap^^^^^^^ 

Tir :;S"Ser ™J;;S i^^^^^ d«»«e tne .eta, ^ Plate 1 

toward the opposite side thereof. 
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mechanical detector Is used as a sensor or sensing adynam.c ^^Jj^^^^^^ ^,3, ,„„p,,ses: a metal thin plate 

the thin-film piezoelectric bimorph ^l^'"^"* J^l^g^^^^^^^ by sputtering on the both surfaces of 

1 made of stainless steel; first and second pjezoe^^^^^^^^^^ respective 

the metal thin plate 1 which are m "PP"^'"^:;'^^^^^^^^^^ ,1s 5 made of Pt provided on the respective sur- 

states of polarizations thereof are '^J' ^"f^^ °^ aSch are opposite to the metal thin plate 1 (refen-ed to as 

rreirrfi^:;^™;^^^^^^ 

rode Jims 5 are patterned to be located ---P^^jf^^^^^ and second piezoelectric thin 

22 for fomiing the detecting portions are ^^^-^^^^^^^^^^^ 22 for fom^ing the detecting portions 

films 2 and 3 to surround the dynam>c 7°""^ ''^^^'J^^^^^^^^^ thin films 2 and 3. With the holes 22 

sequentially penetrate the metal thin plate 1 and the first ^"J^^°°";P , 2I located on the left hand of Figure 11 

for'formmg the detecting portions, the three '^"^^^^J^'.^^t^^^^^^ on the right hand of Figur. 

are configured as cantilevers, while the portions are likely to be defomied. It fbl- 

1 1 are configured as fixed-end beams, so that the dynamic ^'^^"i^^;^^^^ bimorph elements each having the 

lows therefore that the mechanical ^-^^^^^^^^^l com^P^^^^^^^^ ^„ ,,,, 3,rtaces of the 

metal thin plate 1. the first and second P'«^°^)f ^^^^^^ While the respective states 

r.raSit,;er;ri^.°^:^r^^^«^^^^^^^^ 

a.* om.,. aa In Embodiment 1. " \7 partom, the aame lunctlon in the IndMddal dynamlo 

100821 The pair of Inner electrade 1.1ms e made °' " ("J"" P'™™ ^i^„,„ plezoelectrtc bin,OT.h elemenla ol 
Loum detaotlng portion. 21 as the «"»7™'^"7.!'';^'J 

^'^S^r^'^^- ... , , ^« 8 are formed on the both surfaces of the metal thin plate 1 which are 

[0084] First, the pair of inner electrode fHms 8 «^^J^°;^f °" ^^^^ g,3^t,„de films 8 are then patterned by etching 
;„ opposing relation to each other ^^lI l Tmet^o^^^^^^^^^^ electrode films 8 is the same as the 

. ":rdi:iorn?tn;"^^^^^^ - ^ --^^ 

method of etching the electrode filnr^s S.used in E'"bod|ment 1^ sputtering on the both sur- 

Sro, the^SSar," re^rorr rri^a^^^^^ end oodlons on .h.h the electno oo„«o. 
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portions 8a of the inner electrode films 8 are located) which are fonned with the respective inner electrode films 8 and 
in opposing relation to each other along the thickness thereof, while the respective states of polarizations thereof are 
controlled (see Figure 13(b)), similarly to Embodiments 1 to 3. 

[0086] Next, the pair of outer electrode films 5 are formed on the respective surfaces of the first and second piezo- 
'5 electric thin films 2 and 3 which are opposite to the metal thin plate 1. The outer electrode films 5 are then patterned by 
etching into specified configurations (see Figure 13(c)). A method of fomning and etching the outer electrode films 5 is 
the same as the method of forming and etching the electrode films 5 used in Embodiment 1 . 
. [0087] Next, the portions of the first and second piezoelectric thin films 2 and 3 con-esponding to the periphery of 
the outer electrode films 5 are etched in the same manner as in Embodiment 1 (see Table.2). Thereafter, the portion of 
10 the metal thin plate 1 corresponding to the periphery of the outer electrode films 5 is processed by etching, so that the 
holes 22 for forming the detecting portions (see Figure 13(d)) are formed and the dynamic amount detecting portions 
21 having specified configurations are thereby fomned. 

[0088] Rgure 14 illustrates another method of manufacturing the foregoing mechanical detector, in which through 
holes 23 having generally the same configurations as the holes 22 for forming the detecting portions are formed prelim- 
15 inarily in the metal thin plate 1 . However, the portions con-esponding to the three dynamic amount detecting portions 21 
configured as cantilevers have their tip portions coupled to the portions of the inner surfaces of the through holes 23 
with fine coupling portions 24 such that they are not defonned in the manufacturing process. 

[0089] In accordance with the manufacturing method, the through holes 23 are fomned first in the metal thin plate 1 
such that the portions corresponding to the dynamic amount detectinig portions 21 and the coupling portions 24 are 

20 formed. Then, the pair of inner electrode films 8 are formed on the both surfaces of the metal thin plate 1 formed with 
the through holes 23 which are in opposing relation to each other along the thickness thereof. The inner electrode films 
8 are then patterned by etching into specified configurations (see Figure 14(a)). Next, the first and second piezoelectric 
thin films 2 and 3 are fonned on the respective surfaces of the metal thin plate 1 which are in opposing relation to each 
other along the thickness thereof and fomned with the respective inner electrode films 8 (see Figure 14(b)). At this time, 

25 the first and second piezoelectric thin films 2 and 3 are formed not to cover the through holes 23 of the metal thin plate 
1 . Subsequently, the pair of outer electrode films 5 are formed on the respective surfaces of the first and second piezo- 
electric thin films 2 and 3 which are opposite to the metal thin plate 1. The outer electrodjs films 5 are then patterned by 
etching into specified configurations (see Figure 14(c)). Finally, the coupling portions 24 are subjected to a cutting proc- 
ess using a laser (which may also be subjected to an etching process), so that the holes 22 for forming the detecting 

30 portions are formed (the through holes 23 which are unformed with the coupling portions 24 serve as the holes 22.for 
forming the detecting portions without any alterations) and the mechanical detector comprising the dynamic amount 
detecting portions 21 having specified configurations are thereby completed. 

[0090] Since Embodiment 4 has thus formed the dynamic amount detecting portions 21 by forming the first and 
second piezoelectric thin films 2 and 3 by sputtering on the both surfaces of the metal thin plate 1 which are in opposing 
35 relation to each other along the thickness thereof, a compact and high-performance mechanical detector can be 
obtained easily at low cost. Moreover, since the plurality of dynamic amount detecting portions 21 can be fonned simul- 
taneously and easily, the rriechanical detector can sense a wide variety of frequencies if it is used as an acceleration 
sensor or the like by rending the lengths of the plurality of dynamic amount detecting portions 21. i.e., the natural fre- 
quencies thereof different from each other. 

40 

Embodiments 

[0091] Rgure 15 shows Embodiment 5 of the present invention, in which three dynamic amount detecting portions 
21 each composed of a thin-film piezoelectric bimorph element (the first, second, and third dynamic amount detecting 

45 portions 21a, 21b, and 21c) are provided, similarly to Embodiment 4, so as to bend in different directions. It Is to be 
noted that the metal thin plate 1 and the individual films are depicted in Figure 15 by omitting the thicknesses thereof. 
[0092] Specifically, the first dynamic amount detecting portion 21a of Embodiment 5 extends in a direction (the y- 
direction in Figure 15) parallel to the both surfaces of the metal thin plate 1 which are in opposing relation to each other 
along the thickness thereof and bends in the direction (the z-direction in Figure 15) of the thickness of the metal thin 

50 plate 1 , similarly to Embodiment 4. On the other hand, the second dynamic amount detecting portion 21 b of Embodi- 
ment 5 is bent at the proximal end thereof to extend in the z-direction and bend in the x-direction which is perpendicular 
to the y- and z-directions, while the third mechanical detector 21c of Embodiment 5 is bent at the proximal end thereof 
to extend in the z-direction and bend in the y-direction. Thus, the first to third dynamic amount detecting portions 21a, 
21b, and 21c are designed to bend in the directions perpendicular to each other. The mechanical detector is fortriaxia'l 

55 detection and capable of detecting respective dynamic amounts in the x-, y-, and z-directions. 

[0093] The method of manufacturing the mechanical detector is generally the same as in Embodiment 4 until the 
process reaches the step of forming the holes 22 for forming the detecting portions. After the holes 22 for forming the 
detecting portions are formed, the second and third dynamic amount detecting portions 21b and 21c are bent by 90° 
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at the proximal ends thereof (a bending process is performed with respect to the metal thin plate 1) into specified con- 
figurations. After the bending process, a hisat treatment involving heating and rapid cdoling may also be performed with 
respect to the bent portions (proximal ends) or, alternatively, a hardening resin may also be applied to the bent portions, 
as required. As a result, the bent portions are fixed reliably and the bending angle is stable over a long period of time. 

5 [0094] Thus, the same effects as obtained in Embodiment 4 are also obtainable in Embodiment 5 and pressure or 
acceleration acting in mutually perpendicular triaxial directions can be detected by a single mechanical detector. 
[0095] Although each of the first to third dynamic amount detecting portions 21a, 21b, and 21c is provided on a 
one-by-one basis in Embodiment 5, each of the first to third dynamic amount detecting portions 21 a, 21 b, and 21c may 
be provided in a plural number. In short, plural sets of first to third dynamic amount detecting portions 21a. 21b, and 

10 21c may be provided. In that case, the first to third dynamic amount detecting portions 21a, 21b, and 21c in different 
sets preferably have different lengths (natural frequencies). 

[0096] The first to third dynamic amount detecting portions 21a. 21b. and 21c may bend in any directions. The 
directions in which the first to third dynamic amount detecting portions 21 a. 21 b, and 21 c bend are determined appro- 
priately depending on the direction of a dynamic amount to be detected. 
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[00971 Rgure 16 shows an inkjet head according to Embodiment 6 of the present invention. The Inkjet head com- 
prises a head main body 31 formed with a plurality of depressed portions 32 for pressure chambers having supply ports 
20 32a for ink supply and discharge ports 32b for ink discharge. The depressed portions 32 are ananged in rows (two rows 
in the present embodiment) in a direction perpendicular to the paper surface of Figure 16. 

[0098]' The supply ports 32a are connected to. Ink supply passages 35 extending in the direction in which the rows 
of depressed portions 2 are an^hged. The ink supply passages 35 are connected to an ink tank not shown. On the 
other hand, the discharge ports 32b are connected to nozzle slots 36 provided In the bottom surface of the head mam 
25 body 31 for the respective depressed portions 32 on a one-by-one basis. 

[0099] An actqator 41 which covers the depressed portions 32 to compose the pressure chambers 33 in combina- 
tion with the depressed portions 32 is provided on the upper surface (the surface fornied with the depressed portions) 
of the head main body 31 . The actuator 41 causes ink within the pressure chambers 33 to be discharged from the dis- 
charge ports 32 and from the nozzle slots 36 such that the ink adheres to a recording sheet disposed in.opposing rela- 
tion to the bottom surface of the head main body 31. The actuator 41 is composed of thln-fllm piezoelectric bimorph 
elements each having: a metal thin plate 1 made of stainless steel; first and second piezoelectric thin films 2 and 3 
formed by sputtering on the both surfaces of the metal thin plate 1 which are in opposing relation to each other along 
the thickness thereof, while the respective states of polarizations of the first and second piezoelectric thin films 2 and 3 
are controlled; and a pair of electrode films 5 made of Pt and provided on the respective surfaces of the first and second 
35 piezoelectric thin films 2 and 3 which are opposite to the metal thin plate 1 . The directions of polarizations of the first 
and second piezoelectric thin films 2 and 3 may be opposite to each other as in Embodiment 1 or may be the same as 

in Embodiment 3. , ^ ^ 

[0100] The actuator 41 has drive portions 41 a provided at portions corresponding to the individual depressed por- 
tions 32 of the head main body 31 . The first and second piezoelectric thin films 2 and 3 and the pair of electrode films 
40 5 are patterned to be located correspondingly to the individual drive portions 41 . It is to be noted that a pair of diffusion 
preventing films 7 are provided entirely over the metal thin plate 1 and between the metal thin plate 1 and the first and 
second piezoelectric thin films 2 and 3. similarly to the thin-film piezoelectric bimorph elements according to Embodi- 
ments 1 to 3. 

[0101] The portions of the actuator 41 other than the drive portions 41a are fixed to the upper surface of the head 
45 main body 31 with an adhesive agent 42 interposed therebetween. Specifically, the metal thin plate 1 is fixed adhesively 
to the upper surface of the head main body 31 with the diffusion preventing film 7 interposed therebetween and both 
the second piezoelectric thin film 3 and the electrode film 5 on the second piezoelectric thin film 3 are located within the 
depressed portions 32 of the head main body 31 . As a result, the second piezoelectric thin film 3 and the electrode film 
5 on the second piezoelectric fhin film 3 are exposed to the ink so that each of the films 3 and 5 is preferably covered 
so with, e.g., a thin organic or inorganic insulating film, though it is not depicted. 

[0102] The actuator 41 selectively applies, for each of the drive portions 41a, a pulse-like voltage to the first and 
second piezoelectric thin films 2 and 3. Each of the drive portions 41a is defomned on a rising edge of the pulse voltage 
in such a manner as to protrude downward. The deformation produces a pressure in the pressure chamber 33 so that 
the ink within the pressure chamber 33 is discharged under the pressure from the discharge port 32b and from the noz- 
zle slot 36 to the outside to adhere in dots to the paper surface of the recording sheet. On a falling edge of the pulse 
voltage, the drive portion 41a returns to the original state so that the Ink is filled in the pressure chamber 33 via the ink 
supply passage 35 and the supply port 32a. 

[0103] Next, a description will be given to a method of manufacturing the inkjet head with reference to Figure 17. 
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roi04] R^, the pair of diffusion preventing films T are formed on the both surfaces of the metal thin pla^e 1 which 
areropposing relation to each other along the thiclcness thereof (see Figure 17^^^^ 

after the fSt and second piezoelectric thin films 2 and 3 are fomied by sputtering, while the respective states of polar- 
izations thereof are controlled (see Figure 17(b)), similarly to Embodiment 1 or 3. 

roi05] subsequently, the pair of electrode films 5 are fomned on the respective surfaces of the first and second pie- 
zoelectric thin films 2 and 3 wEich are opposHe to the metal thin plate 1, similarly to Embodiment 1 Thereafter each of 
the patof elec^^^ films 5 and of the first and second piezoelectric thin films 2 and 3 is patterned into a specrfied con- 
fiauration whereby the drive portions 41 a are formed (see Figure 17(c)). ^ «,„ 

K! Next, the metal thin plate 1 is fixed adhesive^ to the head main body 31 preliminarily formed wrth the 
depressed portions 32 for pressure chambers, whereby the Inkjet head is completed (see Figure 17(d) . 
?oToT smce Embodiment 6 has thus fomned the actuator 41 by fomiing the first and second P'«^^-'«f ^^'"J^^^^^ 
2 and 3 by sputtering on the both surfaces of the metal thin plate 1 which are in opposing relation to each othe along 
fhe thicl^ess of thereof, a compact and high-perfom,ance actuator 41 can be obtained easily at low cost sim.larjr to 
tJe thm L piezoelectric bimorph elements of Embodiments 1 and 3. so that the gradation of printing is improved. 
Moreover the configuration of the actuator 41 and the placement of the drive portions 41 can be detemnmed a*itranly. 
Furthermore, the flexibility of the configuration and size of the inlqet head can be enhanced. 
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roiOSl Figure 18 shows athln-film piezoelectric bimorph element according to Embodiment 7 of the present inven- 
ion in which a pair of diffusion preventing films 7 made of PhZrOg or the like which does not have a P^^^^^'^<^^^^^ 
are provided between the first and second piezoelectric thin films 2.and 3, each having a multilayer structure similariy 
to Pmbodiment 2. and the metal thin plate 1 . , . . ^ _i 

W109] wi n Embodiment 7. the diffusion preventing films 7 are hot metal films and do not function as electrode 
Jms but preven he diffusion of Cr or the like contained in the metal thin plate 1 in the first and second piezoelectnc 
tS fi^s 2 Td 3. Since the drffusion preventing films 7 do not have a piezoelectric effect, it achieves the effe^ pfreduc- 
ng s rTsses produced in the piezoelectric layers 2a and 3a of the fiist and second piezoelectnc thin films 2 and 3 closer 
to the metal thin plate 1 . Therefore, the durability of the thin-film piezoelectric bimorph element can further be increased 
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[0110] ngures 19 and 20 show a mechanical detector according to Embodiment 8 of the present invention, which 
has a structure different from the structure of the mechanical detector in Embodiment 4. .onfin 
roill] Specifically, in Embodiment 8. five dynamic amount detecting portions 21 are arranged in a row. and config- 
ured as five cantilevers. Each of the dynamic amount detecting portions 21 has a proximal portion '^^'^P^^d of a m^^^ 
thin plate 1 first and second piezoelectric thin films 2 and 3, an outer electrede film 5. and an inner electrode film 8 
s^^llarly to ihe dynamte amount detecting portions 21 in Embodiment 4. while having a distal portion composed only of 
S^Tml thin plate 1 . The distal portions of the dynamic amount detecting portions 21 have drfferent lengths, wNe the 
proxTmal portions thereof have equal lengths. AccoidingV. the five dynamic amount detecting portions 21 have dflerent 
na°urel frequencies. In addition the proximal portions of the dynamic amount detecting portions 21 are connected to 

each other by only the metal thin plate 1. • ^ * a ^r.ri 

?0112] A method of manufacturing such a mechanical detector is also the same as in Embodiment 4 and allows 
easy and low-cost formation of a compact and high-perfom^ance mechanical detector. In the case where the mechan- 
ical detector is used as an acceleration sensor, it can sense a wide variety of frequencies. 

roi131 Although each of the foregoing embodiments has controlled the temperature of the metal thin plate 1 for 
polarization control, it is also possible to apply an external force to the metal thin plate 1 . A descnpt.on will be given to 
Tr^Xd of applying an external force to the metal thin plate 1 with reference to Figure 21. The method uses a circular 
mTtal thin plate 1 fL and second piezoelectric thin films 2 and 3 are fomied with ring-shaped metal rings 51 bonded 
to the peripheral portions of the both surfaces of the metal thin plate 1 which are in opposing relation to each other along 
the thickness thereof. Each of the metal rings 51 is made of a material having a themial expansion coefficient higher 
than that of the metal thin plate 1 . If the metal thin plate 1 is composed of stainless steel (with a thermal expansion coef- 
fident o 9 to 18 X.10-6/-C) or Cr (with a thermal expansion coefficient of 7 x lO-^AC), for example, the me al nngs 51 
are composed appropriately of Al (with a thermal expansion coefficient of 24 x 1 0'^/'C). Mn (with a thermal expansion 
coeSt of 23 X 10^/=C) or the like. By using the metal rings 51, the metal thin plate 1 can be stretched outwardly 
diametrically by properly adjusting an ambient temperature during film formation. Consequently, the metal thin plate 1 
con^cts -rf a room temperature is restored atterfilm formation such that thermal stresses in the first and second piezo^ 
electric thin films 2 and 3 are reduced and the polarization axes are equally oriented in the (001 ) direction, as described 
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which are sensitive to a tensile force can be increased. . . . -i., * 

l^'t -n "e case Of using a metal thin plate 1 having an elongated -^tang^f .-"^^^-^^^^^ 
, apply a tensile force only lengthwise of the metal thin plate 1 by bonding metal nngs 51 configured as rectangular 

rj,d .he MS" Figure 25(0). The,eel»r. fte MgO 1«m « le »»red with a p^tectw. n^-nel n« 

roiM' The subewe « for film hnmtlon Is then molten .«.y by phosphonc .cid or the like (see "9"™ 2=<« 
Seften^econS^ezoelectnc thin film 3 and «„..leetrode fitn 5 e™ tomted on .he o. the n,eM th,n hin, «• 

[o^ST X ImprmeS the method, the metal thin plate 1 composed of -tal thin «^S^and ^^^^^^^ 
S reduced thickness can be fomied. Since the metal thin film 62 is supported by at 

35 larly to each of the foregoing embodiments. 
Claims 

1 . A thin-film piezoelectric bimorphi element comprising: 

a oaTorX'ltectrlc thin films formed by sputtering on both surfaces of the metal thin plate which are in 
^pToLngSon S each other along the thickness thereof, while respective states of polanzat.ons of the p.e- 

rptt^feitrr^^^^^^ 

metal thin plate. 

2. The thin-film piezoelectric bimorph element of claim 1 . wherein the directions of polarizations of the pair of piezoe- 
lectric thin films are opposite to each other. 

3: The thin-film piezoelectric bimorph element of claim 1. wherein the directions of polarizations of the pair of piezoe- 
lectric thin films are the same. 

4 The thin-film piezoelectric bimorph element of claim 1 , wherein each of the piezoelectric thin films is composed of 
a plurality of piezoelectric layers stacked along the thickness of the metal thin plate. 

the piezoelectric layers having a piezoelectric constant which decreases gradual^ with approach toward the 
metal thin plate. 
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5 The thin-film piezoelectric bimorph element of claim 1 , wherein each of the piezoelectric thin films has a piezoelec- 
tric constant which increases gradually with distance from the metal thin plate toward the opposite side thereof. 

6. The thin-film, piezoelectric bimorph element of claim 1 , wherein each of the piezoelectric thin films has a thickness 
adjusted to 1 0 jim or less. 

7 The thin-film piezoelectric bimorph element of claim 1 , wherein a pair of diffusion preventing films for preventing dif- 
fusion of a substance composing the metal thin plate in the piezoelectric thin films are provided between the metal 
thin plate and the individual piezoelectric thin films. 

8. A mechanical detector having a dynamic amount detecting portion, the dynamic amount detecting portion being 
composed of a thin-film piezoelectric bimorph element having: 

a metal thin plate;. . ^. . l.- u • 

a pair of piezoelectric thin films formed by sputtering on both surfaces of the metal thin plate which are in 
opposing relation to each other along the thickness thereof, while respective states of polarizations of the pie- 
zoelectric thin films are controlled; and . 
a pair of electrode films provided on respective surfaces of the piezoelectric thin films which are opposite to the 

metal thin plate. 

9. The mechanical detector of claim 8, wherein the dynamic amount detecting portion Includes a plurality of dynamic 
amount detecting portions which are provided to bend in different directions. 

10. The mechanical detector of claim 8. wherein the dynamic amount detecting portion includes a plurality of dynamic 
amount detecting portions having different natural frequencies. 

11. An Inkjet head comprising: 

a head main body formed with a depressed portion for a pressure chamber, the depressed portion having a 
supply port for ink supply and a discharge port for ink discharge; and 

an actuator for causing the ink in the pressure chamber to be discharged from the discharge port, the actuator 
being disposed to cover the depressed portion of the head main body and define the pressure chamber in 
combination with the depressed portion, 

the actuator being composed of a thin-film piezoelectric bimorph element having: 

a metal thin plate; . u- u • 

a pair of piezoelectric thin films formed by sputtering on both surfaces of the metal thin plate which are in 
opposing relation to each other along the thickness thereof, while respective states of polarizations of the pie- 
zoelectric thin films are controlled; and 

a pair of electrode films provided on respective surfaces of the piezoelectric thin films which are opposite to the 
metal thin plate. 

12. A method of manufacturing a thin-film piezoelectric bimorph element, the method comprising the steps of: 

forming a pair of piezoelectric thin films by sputtering on both surfaces of a metal thin plate which are opposing 
relation to each other along the thickness thereof, while controlling respective states of polarizations of the pie- 
zoelectric thin films; and , 
forming a pair of electrode films on respective surfaces of the piezoelectric thin films which are opposite to the 

metal thin plate. 

) 13. The method of claim 12, wherein the step of forming the piezoelectric thin films includes: 

forming the pair of piezoelectric thin films such that the directions of polarizations thereof are opposite to each 
other. 

5 14. The method of claim 12, wherein the step of forming the piezoelectric thin films includes the steps of: 

forming the first piezoelectric thin film by sputtering on one of both surfaces of the metal thin plate which are in 
opposing relation to each other along the thickness thereof, while adjusting a temperature of the metal thin 
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plate to a specified level and controlling the state of polarization of the first piezoelectric thin film; and 
after the step of forming the first piezoelectric thin film, fomiihg the second piezoelectric thin film by sputtisring 
on the other of the both surfaces of the metal thin plate which are in opposing relation to each other along the 
thickness thereof, while adjusting the temperature of the metal thin plate to a level lower than the specified level 
and controlling the state of polarization of the second piezoelectric thin film, the second piezoelectric thin film 
having the same direction of polarization as the first piezoelectric thin film. 

15. The method of claim 12, wherein the step of forming-the piezoelectric thin films includes: 

forming each of the piezoelectric thin films by stacking a plurality of piezoelectric layers having different piezo- 
electric constants along the 'thickness of the metal thin plate such that the piezoelectric constants are in 
. increasing order. 

16. The method of claim 12, wherein the step of fomiing the piezoelectric thin films includes: 

forming each of the piezoelectric thin films such that a piezoelectric constant of the piezoelectric thin film 
increases gradually with distance from the metal thin plate toward the opposite side thereof. 

17. The method of claim 12, further comprising,, prior to the step of forming the piezoelectric thin films: 

the step of forming a pair of diffusion preventing films for preventing diffusion of a substance composing the 
metal thin plate in the piezoelectric thin films on the both surfaces of the metal thin plate which are in opposing 
relation to each other along the thickness thereof. 

18- A method of manufacturing a mechanical detector having a plurality of dynamic amount detecting portions each 
composed of a thin-film piezoelectric bimorph element, the method comprising the steps of: 

forming a pair of piezoelectric thin films by sputtering on both surfaces of a metal thin plate which are opposing 
relation to each other along the thickness thereof, while controlling respective states of polarizations of the pie- 
zoelectric thin films; 

forming a pair of electrode films on respective surfaces of the piezoelectric thin films which are opposite to the 
metal thin plate; and 

patterning each of the piezoelectric thin films and of the electrode films into a specified configuration, processr 
ing the metal thin plate into a specified configuration after patterning, and thereby forming the plurality of 
dynamic amount detecting portions. 

19. The method of claim 18, wherein the step of forming the plurality of dynamic amount detecting portions includes: 

forming the plurality of dynamic amount detecting portions such that the dynamic amount detecting portions 
bend in different directions. 

20. The method of claim 1 8, wherein the step of forming the plurality of dynamic amount detecting portions includes: 

formirig the plurality of dynamic amount detecting portions into different configurations such that the dynamic 
amount detecting portions have different natural frequencies. 

21 . A method of manufacturing an Inkjet head having an actuator for ink discharge composed of a thin-film piezoelectric 
bimorph element, the method comprising the steps of: 

forming a pair of piezoelectric thin films by sputtering on both surfaces of a metal thin plate which are opposing 
relation to each other along the thickness thereof, while controlling respective states of polarizations of the pie- 
zoelectric thin films; 

forming a pair of electrode films on the respective surfaces of the piezoelectric thin films which are opposite to 
the metal thin pfate; 

patteming each of the piezoelectric thin films and of the electrode films into a specified configuration; and, 
after the patterning step, fixing the metal thin plate to a head main body having a depressed portion for a pres- 
sure chamber which composes the pressure chamber in combination with the metal thin plate. 
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Fig. 6 
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Fig. 11 
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